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Abstract: In this contribution, we report the synthesis of all-conjugated branched 
poly(thiophenes) with a control over the degree of nonlinearity via two different routes. In the 
first approach a branched monomer is polymerized using three different catalysts which 
differentiate in the degree of association to the π-system of the polymer backbone. In the second 
approach a copolymerization is performed with the branched and a linear monomer. In a next 
step the influence of the different degrees of nonlinearity on the optoelectronic properties are 
investigated by UV-vis and fluorescence spectroscopy. Finally, the thermal behavior, the 
morphology and the electrical properties at the nanoscale of the material in solid state is studied 
using DSC and AFM techniques, respectively. 
INTRODUCTION 
While linear conjugated polymers, like homopolymers and different types of copolymers, have 
been extensively investigated, the domain of conjugated polymers with nonlinear topologies is 
still largely unexplored. This nonlinearity can be achieved in 2 different ways. In the case of 
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branching the monomer units are always elongated further at 2 different positions. Another 
possibility is that the elongation occurs in more than one coupling pattern (eg. 2,4 and/or 2,5). 
(Hyper)branched conjugated polymers are but one example of polymers with an architecture 
different from linear 1D chains. For graft, mikto-arm and star conjugated polymers, reports are 
even more scarce.1–8 Apart from branched conjugated polymers, there are also reports of 
branched conjugated oligomers and dendrimers.9–13 However, for the former the polymeric 
nature is not fully exploited, while synthesis of the latter is very time consuming and therefore 
restricted to small amounts. The (hyper)branched conjugated polymers are not just an academic 
curiosity, but offer a whole new range of properties and therefore applications compared to their 
linear counterparts.14–21 In addition, they suffer less from insolubility and 1D anisotropy related 
problems.22,23 Also for light-emitting devices the performance can be improved using the 
branched counterparts as a result of their in general worse stacking. Although nonlinear 
conjugated polymers offer a whole new range of opportunities their synthesis is challenging 
and most of the synthetic methods for the reported (hyper)branched polymers do not offer a 
control over the degree of nonlinearity.24 This, however, poses a limitation on the optimization 
of the properties of the final material. 
In this work we focus on poly(thiophenes). This material is especially interesting because linear 
poly(thiophenes) can be polymerized in a controlled way and their high stability and good 
processability renders them useful for applications.25,26 There are several reports27–32 on the 
preparation of hyperbranched poly(thiophenes), but there was only one attempt, by the group 
of Luscombe32, towards the synthesis of branched poly(thiophenes) with control over the 
branching degree. This was achieved by polymerizing 2-bromo-3-hexylthiophene via direct 
arylation, adjusting the base and ligand. However, this approach only allows control on a non-
continuous scale and the polymerization proceeds via a step growth mechanism. In this article 
we report two new approaches towards branched poly(thiophenes) offering control over the 
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degree of nonlinearity, while keeping the degree of polymerization constant. Using different 
techniques the optical, thermal and morphological properties of the materials are studied.  
RESULTS AND DISCUSSION 
Synthesis of the monomer and the polymers 
In order to introduce the nonlinearity, a AB2 type bithiophene (5) is chosen.28–32 The synthesis 
of the monomer 5 starts by converting 5-bromo-3-hexylthiophene to a Grignard reagent (1) and 
subsequent Kumada coupling to 3-bromothiophene. The bithiophene (2) is then dibrominated 
on the 2- and 2’- position with N-bromosuccinimide (NBS). Finally, the precursor monomer 
(4) is obtained by mono iodination on the 5-position using lithium diisopropylamide (LDA) and 
quenching with I2. By a Grignard metathesis reaction the precursor monomer 4 is converted to 
monomer 5 in situ. Adding monomer 5 to ZnBr2 gives monomer 5’. (Scheme 1) 
 
Scheme 1. Synthesis of the branched bithiophene monomer 5. 
The degree of nonlinearity, for the polymers prepared by this monomer, is defined as the 
amount of polymerizations in 2’,5-fashion compared to the sum of polymerizations in 2’,5 and 
2,5-fashion (Scheme 2).  
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Scheme 2. Change in polymer structure going from completely linear to complete nonlinear 
polymers. 
A first attempt towards control over the amount of branching is the polymerization of the 
branched monomer 5/5’ with three different external initiators, more specifically ArNi(dppp)Br 
(8)38, ArNi(PPh3)2Br39 (9) and ArPd(RuPhos)Br40 (10), leading to polymers P1-100, P2-100 
and P3-100, respectively (Scheme 3). 
                                                                              
Scheme 3. Synthesis of P1/2/3-100 by polymerization of the branched monomer 5/5’ with three 
different catalysts. 
Two different polymerization protocols are employed. The first one is a Kumada catalyst-
transfer polycondensation (KCTP).41 For this protocol two different ligands are employed. 
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When dppp is used as ligand the Ni-catalyst remains complexed to the π-system of the polymer 
backbone. In case of linear poly(3-hexylthiophene), this prevents transfer and termination 
reactions.42,43 Although a polycondensation, the polymerization proceeds in a chain growth 
manner due to this complexation.44 While complexed to the backbone, the catalyst can walk 
back and forth along the chain (ring walking).  The only way branching can occur, is by walking 
backwards and insert in the C-Br bond of a thiophene side chain. Nonlinear growth can also 
occur by oxidative insertion in the C-Br of a 3’-hexylthienyl sidechain of a terminal unit. 
Concerning nonlinearity, due to the higher inaccessibility of the C-Br bond of the thiophene 
side chain compared to C-Br bond of the linear backbone, linear growth will be more probable 
as nonlinear growth. 
The other ligand used is PPh3. The Ni-catalyst with PPh3 is less strongly complexed to the π-
backbone. As a consequence, there is a probability that the catalyst dissociates and then reinserts 
in a C-Br bond of the linear chain or in the C-Br bond of the thiophene side chains. Compared 
to Ni(dppp), branching cannot only occur by ringwalking, but also by reinsertion. However, 
Ni(PPh3)2 being rather unstable in solution, there is high probability of premature termination 
before reinsertion occurs, limiting the presence of branches.45,46 Nonlinearity can occur in the 
same way as in the previous case, but also by reinsertion in a terminal unit. 
The second protocol to polymerize monomer 5’, is the Pd(RuPhos) protocol, using Negishi 
couplings.40 Compared to the Ni-catalysts used in the KCTP protocol, the Pd(RuPhos)-catalyst 
has a small affinity for the polymer backbone. After the coupling reaction it dissociates. 
Branching occurs by reinsertion in a dangling C-Br bond. As the C-Br bonds in the 3’-
hexylthienyl side chains are equally reactive as the C-Br bond at end of the linear backbone, 
the highest degree of nonlinearity is expected for the polymer made by the Pd(RuPhos) 
protocol.  
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A second approach to achieve control over the degree of nonlinearity is by copolymerizing the 
branched and a linear monomer in different ratios. A series of 5 polymers were synthesized via 
KCTP with a percentage of branched monomer of 0, 5, 10, 25 and 100 % corresponding with 
P1-0, P1-5, P1-10, P1-25 and P1-100 respectively (Scheme 4). We aimed for a degree of 
polymerization of 20 by adjusting the initiator to monomer ratio. 
 
Scheme 4. Copolymerization of a linear and branched thiophene monomer in different ratios 
via KCTP. 
GPC 
In order to have an idea of the molar mass and the dispersity, GPC spectra were recorded.47,48 
In Table 1, the number-average molar masses, determined against polystyrene standards, and 
Ð are listed. For the branched polymers prepared via three different catalysts we measure a 
higher Ð for P2-100 (Ni(PPh3)2) (Table 1). This can be explained due to a loss of the controlled 
nature of the polymerization.49 The number-average molar masses are quite similar. 
For the polymers synthesized via the second approach (P1-0/5/10/25/100) the molar masses 
and Ð are in the same range (Table 2). Therefore, the only main changing parameter for the 
different polymers is their degree of nonlinearity. The low Ð values are a good indication that 
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the controlled nature of the polymerization is conserved when polymerizing a branched instead 
of a linear monomer. 
Table 1. GPC data for the series of the branched poly(thiophenes) and determination of the 
degree of nonlinearity via 1H-NMR (see further).  a Determined according to formula 
3𝑏
2𝑑
   b Determined by 
multiplying incorporation 5 (%) x nonlinearity (%) of P1-100 
 
 
 
 
 
 
 
 
1H-NMR spectroscopy 
1H-NMR analysis was performed to determine the incorporation of the branched monomer in 
the second series and the degree of nonlinearity for both series of polymers. To determine the 
degree of nonlinearity of the first series (P1/2/3-100) the peaks corresponding to the α-CH2 of 
the hexyl side chain were analyzed and integrated. Two distinct peaks can be assigned for the 
α-CH2 protons: one corresponds to a monomer unit that did not grow further via the thiophene 
side chain i.e. in a linear fashion (a). The other peak (b) corresponds with a monomer unit that 
grew further at the thiophene side chain (Figure 1). 
Polymer ?̅?n (kg/mol) 
Ð Incorporation  5 
(%) (1H-NMR) 
Nonlinearity (%)     
(1H-NMR)a 
Nonlinearity (%)     
expectedb 
 
P1-0 4.1 1.2 0 0 0  
P1-5 4.1 1.2 6 2 2  
P1-10 4.5 1.2 9 8 4  
P1-25 4.6 1.3 23 12 9  
P1-100 4.3 1.3 100 41 /  
P2-100 4.8 1.9 100 42 /  
P3-100 3.7 1.4 100 62 /  
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Figure 1. Peaks corresponding with the α-CH2 of the hexyl side chain of P1-100. 
By integrating those peaks the degree of nonlinearity can be calculated by approximation from 
following formula: 
𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑛𝑜𝑛𝑙𝑖𝑛𝑒𝑎𝑟𝑖𝑡𝑦 =
𝑏
𝑎 + 𝑏
 
This is only an approximation as the o-tolyl peak of the initiator overlaps around 2.5 ppm. The 
results for polymers P1/2/3-100 can be found in Table 1. There is a clear difference in the 
degree of nonlinearity for the polymers prepared via the Pd(RuPhos)-catalyst (62%) (P3-100) 
compared to the polymers made with the Ni-catalysts (P1/2-100). This can be explained as 
postulated before. Calculation of the degree of branching is beyond the scope of the current 
techniques as there is scarcely a difference in ppm value for the α-CH2 of the hexyl side chain 
of a unit grown in a nonlinear way compared to the α-CH2 of the hexyl side chain of a unit at a 
branching point.   
Note that the calculated degree of nonlinearity, based on 1H-NMR, for P1-100 differs from the 
result obtained by the group of Mori for a polymerization of a branched terthiophene with a 
similar catalyst, Ni(dppp)Cl2.29 Based on viscosity measurements and 1H-NMR they state that 
the degree of nonlinearity is 0 and as a consequence they conclude the polymerization proceeds 
in a linear fashion. The only possible explanation for this is the difference in monomer structure. 
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The ratio of incorporation of the branched monomer in the copolymer series (P1-0/5/10/25/100) 
was determined by 1H-NMR spectroscopy as well.  The integration values for the peak of the 
α-CH2 of the hexyl side chain of a linear unit (e) and of the overlapping peaks of the terminal –
CH3 groups of the linear and branched units (d) (Figure 2) were determined.  
 
Figure 2. 1H-NMR integration of the signals of α-CH2 protons of the hexyl side chain of the 
linear (e) and branched units (a/b) and the terminal CH3 protons (d) of the hexyl chain of linear 
and branched units of P1-25. 
These values were then introduced in the following formula: 
𝑑𝑒𝑔𝑟𝑒𝑒 𝑏𝑟𝑎𝑛𝑐ℎ𝑒𝑑 𝑢𝑛𝑖𝑡𝑠 𝑖𝑛𝑐𝑜𝑟𝑝𝑜𝑟𝑎𝑡𝑒𝑑 = 1 −
3𝑒
2𝑑
 
We can conclude that the ratio of branched monomer to linear monomers incorporated in the 
polymer corresponds very well with the ratio of the monomers used in the polymerization 
mixture (Table 1). This can be explained by their equal reactivity. 
Also for the polymer series (P1-0/5/10/25/100) the degree of nonlinearity could be calculated 
using the integration values of the 1H-NMR peaks. Protons b correspond with  the α-CH2 of a  
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branched monomer unit elongated at the 3’-hexylthienyl side chain (nonlinear growth). 
Integration of protons d corresponds with the terminal –CH3 groups of the hexyl side chain of 
the linear and branched monomers (Figure 2).  
Consequently, following formula gives the degree of nonlinearity: 
𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑛𝑜𝑛𝑙𝑖𝑛𝑒𝑎𝑟𝑖𝑡𝑦 =
3𝑏
2𝑑
 
The calculated values are close to the expected values, which can be calculated as follows. 
Analysis of P1-100 indicated there is 41 percent chance of nonlinear growth. By multiplying  
the chance of nonlinear growth with the degree of incorporated branched units the expected 
degree of nonlinearity can be estimated. These estimated values are close to the experimental 
values determined via 1H-NMR (Table 1). 
UV-vis spectra 
To investigate the self-assembly in solution, UV-vis spectra were recorded in pure CHCl3 and 
a MeOH/CHCl3 (90/10) mixture. For the series P1/2/3-100 we can clearly distinguish two 
different peaks (Figure 3) in the spectra: one originating from the α-α conjugation around 450 
nm and the other corresponding with an α-β conjugation state around 300 nm.30  
For the spectra in the good solvent (CHCl3) the trend in λmax,abs can easily be explained. As the 
amount of α-α conjugation decreases with increasing nonlinearity, the observed trend in λmax,abs 
(around 450 nm) is perfectly in line with the increasing degree of nonlinearity (P1-100 → P3-
100). Indeed, shorter linear chain segments lead to a blueshift in the λmax,abs.  
In nonsolvent (90% MeOH) the λmax,abs values do not shift compared to the spectra in good 
solvent. The absence of a redshift is attributed to the presence of branches which complicates 
the planarization (Table 2). Only for P1-100 there is a shoulder visible around 580 nm. This 
vibrational fine structure means there is some long-range order in polymer P1-100. This is not 
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visible for P2-100 and P3-100 due to their higher degree of nonlinearity, complicating the 
formation of aggregates and long range order. 
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Figure 3. The UV-vis spectra in good solvent (CHCl3) and nonsolvent (MeOH/CHCl3 (90/10)) 
for series (P1/2/3-100) of branched poly(thiophenes). 
For the series (P1-0/5/10/25/100) an increase of the peak around 300 nm for increasing 
percentages of branched monomer incorporated in the polymer (Figure 4) is observed, as only 
in the branched monomer units α-β conjugation segments are present. 
In good solvent (CHCl3) the λmax,abs values show a blueshift for increasing amounts of branched 
monomer, incorporated, except for P1-100. This trend is explained by the shortening of the 
conjugation length by incorporating a branched monomer. Other properties, unknown to us, 
must account for the different behavior of P1-100. 
When comparing the spectra in good solvent (CHCl3) and a poor solvent mixture (90% MeOH), 
the redshift in general decreases with higher degree of incorporation of the branched monomer 
as branching compromises the planarization and stacking of the polymer chains (Table 2).30 
However the highest redshift is observed for P1-5 and not for P1-0. This is related to a 
phenomenon, observed by our group and others, that the introduction of molecular disorder can 
improve the stacking properties of the material.50–53 The absence or presence of fine structure 
(shoulder around 580 nm) in the 90% MeOH spectra can be understood in terms of the 
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uniformity of the side chain and concomitant ease/difficulty to order. Homopolymers P1-100 
and P1-0 show a clear shoulder. Linear poly(3-hexylthiophene) (P1-0) with its aliphatic hexyl 
sidechain, is known to stack very well. Homopolymer P1-100 can be considered as a linear 
polymer with all hexyl side chains replaced by alkylthienyl side chains. For the copolymers, 
from P1-5→P1-25, due to the increasing implementation of aromatic 3’-hexylthienyl side 
chains instead of the aliphatic hexyl side chain, the uniformity in the nature of the side chains 
decreases and, as a consequence, the disorder in the polymer chain increases. For P1-5 there is 
still a shoulder present, because the content of aromatic 3’-hexylthienyl side chains is still very 
low. For P1-10 only the onset of the shoulder is visible, while for P1-25 all fine structure is lost 
due to its very low uniformity in the nature of the side chain. This loss of fine structure means 
that long-range order in the aggregates is absent.  
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Figure 4.  The UV-vis spectra in pure CHCl3 and MeOH/CHCl3 (90/10) for series (P1-
0/5/10/25/100) of poly(thiophene) copolymers. 
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Table 2. Optical data for polymer series (P1/2/3-100) of branched poly(thiophenes) and for the 
copolymer series (P1-0/5/10/25/100). 
 
 
 
 
 
 
 
 
Fluorescence 
Emission spectra were recorded in pure CHCl3 and 90% MeOH by excitation at 400 nm. For 
the first series (P1/2/3-100) in pure CHCl3 the λmax,em (Table 2) decreases in the order of 
Ni(dppp), Ni(PPh3)2, Pd(RuPhos)-catalyst (Figure 5). This can be explained due to the fact that 
emission spectra follow in good accordance the trend of longest α-α-conjugation.30  
For the spectra in a poor solvent mixture (90% MeOH) the intensity drops by a factor 10-50 
compared to spectra in good solvent (CHCl3). Only for the polymer synthesized with the 
Pd(RuPhos)-catalyst (P3-100) there is still a peak visible that corresponds to residual 
fluorescence of non-aggregated polymer chains. This observation is explained by difference in 
degree of nonlinearity. A higher degree of nonlinearity and therefore disorder complicates the 
formation of aggregates.   
Polymer λmax,abs 
(CHCl3) 
(nm) 
λmax,abs 
(MeOH)       
(nm) 
 
Δλ (nm) 
λmax,em 
(CHCl3)  
(nm) 
P1-0 439 461 22 573 
P1-5 435 465 30 573 
P1-10 431 447 16 569 
P1-25 412 419 7 566 
P1-100 432 432 0 586 
P2-100 424 424 0 581 
P3-100 405 405 0 574 
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Figure 5. Fluorescence spectra of polymer series (P1/2/3-100) in pure CHCl3 and 
MeOH/CHCl3 (90/10).  
For the fluorescence spectra of the copolymer series (P1-0/5/10/25/100) in pure CHCl3 the 
intensity for P1-25 and P1-100 (Figure 6) is clearly lower than for the rest. The intensity for 
P1-10 is also slightly lower as for P1-5 and P1-0. As we excite at 400 nm, electronic states of 
α-β conjugation can be excited. In a next step the absorbed energy will be transferred to the 
longest chromophoric α-α conjugation before photoemission takes place.28 Energy loss during 
transfer may account for the drop in intensity. The blueshift for higher degrees of nonlinearity 
is explained by the fact that photoluminescence comes mainly from the longest chromophoric 
α-α-conjugation, shortening with increasing nonlinearity. The reason why P1-100 does not 
follow this trend is not clear. 
For the spectra in a poor solvent mixture (90% MeOH) there is a drop of intensity by a factor 
500 (P1-0) to 50 (P1-100) compared to the spectra in pure CHCl3. The amount of decrease in 
intensity is related to the tendency of planarization of the polymer chains. More linear polymers 
will tend to form aggregates of closely stacked planar chains causing less relaxation by 
photoemission. The observed spectra are a result of the intrinsic fluorescence in good solvent 
and the residual fluorescence of non-aggregated chains. 
15 
 
500 550 600 650 700 750
0
1x10
6
2x10
6
3x10
6
4x10
6
5x10
6
6x10
6
 P1-0  
 P1-5  
 P1-10  
 P1-25  
 P1-100 
100% CHCl
3
a
b
s
o
rb
a
n
c
e
 c
o
rr
e
c
te
d
 f
lu
o
re
s
c
e
n
e
Wavelength (nm)
 
500 550 600 650 700 750
0,0
2,0x10
4
4,0x10
4
6,0x10
4
8,0x10
4
1,0x10
5
1,2x10
5
90% MeOH  P1-0  
 P1-5  
 P1-10  
 P1-25  
 P1-100 
A
b
s
o
rp
ti
o
n
 c
o
rr
e
c
te
d
 f
lu
o
re
s
c
e
n
c
e
Wavelength (nm)
 
Figure 6. Fluorescence spectra of series (P1-100/25/10/5/0) of poly(thiophene) copolymers in 
pure CHCl3 and 90% MeOH. 
DSC 
The properties in solid state of the materials of the copolymer series (P1-0/5/10/25/100) were 
studied by DSC and AFM. DSC-spectra (see SI) were recorded to study the thermal properties 
of the materials. Only for polymers P1-0/5/10 a crystallization peak was observed. There is a 
decrease in crystallization temperature for increasing nonlinearity degree (Table 3). This is in 
agreement with the fact that more linear polymers form aggregates with stronger intermolecular 
interactions. 
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Table 3. Crystallization temperatures for poly(thiophene) copolymer series (P1-0/5/10/25/100) 
from DSC. 
 
 
 
 
 
 
AFM 
More information on the morphology and the electrical properties of the materials of the series 
(P1-0/5/10/25/100) was obtained by AFM measurements of thin film samples. These samples 
were prepared from either o-xylene or THF solutions. It appeared that the nature of the solvent 
is not influencing the observed supramolecular morphologies of the conjugated polymers. The 
thin deposits (25µl) on glass substrates are then allowed to dry overnight in a closed chamber 
containing the corresponding solvent. By this solvent annealing process, the polymer chains 
can interact to reach the most thermodynamically stable organization  
Figure 7 illustrates the obtained morphologies for 0, 5, 25 and 100 % branched system. On the 
Figure 7a, typical P3HT fibrils are obtained by interactions. As already described in 
literature the conjugated P3HT backbones are stacked together to form nanofibrils with a length 
of few micrometers and a width of 20-25 nm corresponding to the length of the chains. When 
the branching percentage is increased (Figures 7b and c), more lateral connections are now 
possible due to the topology of the polymer chains. For the 100% branched system, no fibrils 
are observed and the thin film seem to be amorphous. From this morphological characterization, 
Polymer Tc 
 
P1-0 136 
P1-5 126 
P1-10 107 
P1-25 / 
P1-100 / 
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we can conclude that the branched percentage is strongly influencing the supramolecular 
organization depending on the fact that the stacking of the conjugated P3HT backbones are 
allowed to occur or not. 
 
Figure 7.  Height Tapping Mode images of branched P3HT thin deposit from 1mg/mL o-
Xylene solution: (a) 0 %, (b) 5%; (c) 25%, (d) 100%. The scale bar corresponds to 2 µm and 
the Z-range bar is 40 nm.  
 
For the electrical characterization of the samples, Conductive AFM (CAFM) was performed in 
contact mode. Figures 8 a and c show the results obtained on the 0 and 25 % of branched chains. 
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The light brown colored areas on the Figure 8b and d correspond to zero-current zones. As 
expected, when a DC bias of -2V is applied between the tip and the sample, the fibrillar P3HT 
appears with a negative current (dark brown lines on Figure 8 b) for all the fibrils while for the 
25%, only few fibrils are visible in the current images; For the corresponding topographic image 
(Figure 8 c), these fibrils are not distinguishable. This means that for branched P3HT materials, 
the current can flow only when the conjugated segments are perfectly packed and electrical 
connection are not possible between P3HT fibrils.  
 
Figure 8.  Topographic and current Conductive AFM images of branched P3HT thin deposit 
from 1mg/mL o-Xylene solution (a) Topographic and (b) current image of 0%; (c) topographic 
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and (d) current image of 25 %. The Z-range is 100 nm. The current range is 20 pA for (b) and 
60 pA for (d).  
CONCLUSION 
Two different routes towards control of the nonlinearity of poly(thiophenes) were investigated. 
It was proven by 1H-NMR that the degree of nonlinearity can be controlled using a different 
catalyst or by copolymerizing a linear and branched monomer in different ratios. A maximum 
degree of nonlinearity of 62% was achieved via the homopolymerization of a branched 
bithiophene monomer using the Pd(RuPhos)-catalyst. For lower degrees of nonlinearity the 
percentage of nonlinearity could be varied on a continuous scale by copolymerizing a branched 
and linear monomer. The influence of the nonlinearity degree on the optoelectronic properties, 
related to the macro- and supramolecular structures, was studied by UV-vis and fluorescence 
spectroscopy. Analysis of the spectra revealed that two aspects determine the supramolecular 
organization and optical properties: first, the degree of nonlinearity which is related to the 
length of the α-α conjugated segments: nonlinearity increase the bandgap and complicates a 
good stacking. Second, for the copolymer series made of a branched and linear monomer also 
the uniformity in the nature of the side chain of the polymer backbone affects the spectra: a 
good supramolecular organization is inhibited in the copolymers, as this results in no uniform 
side-chains.. The crystallinity and morphology of the materials were studied via AFM. Severe 
nonlinearity results in the disappearance of the crystalline fibrillary structure. The introduction 
of branching results in lateral connections between the fibrils,  but the average conductivity is 
lower with the increase of the branched percentage. The electrical connection between the 
conjugated branches is not observed by CAFM.  
  
ASSOCIATED CONTENT 
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Supporting Information. Synthesis of the branched monomer, homopolymers (P1/2/3-100)  
and copolymers (P1-0/5/10/25), 1H-NMR-spectra of the homo polymers (P1/2/3-100) and the 
copolymers (P1-0/5/10/25), the DSC thermograms of P1-100/25/10/5/0. This material is 
available free of charge via the Internet at http://pubs.acs.org. 
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Strategies towards controlling the topology of nonlinear poly(thiophenes) 
Two series of branched poly(thiophenes) with different degrees of nonlinearity were prepared. In one 
approach the catalyst was changed for the polymerization of a branched AB2 monomer. In the other 
approach a copolymerization was performed with a linear monomer. Using different techniques the 
influence of the degree of nonlinearity on the morphology and self-assembly is studied.  
 
 
 
 
 
 
